UNCLA 


DEFENSE  DOCUMENTATION  CENTER 

FOR 

SCIENTIFIC  AND  TECHNICAL  INFORMATION 

CAMERON  SIA'fC  l  AlEXANORIA.  VIRGINIA 


UNCLASSIFIED 


NOTICE:  When  goveznment  or  other  dravlngs,  sped* 
fleations  or  other  data  are  used  for  any  puipose 
other  than  In  connection  vlth  a  definitely  related 
goveranent  procurement  operation,  the  U.  S. 
Goverament  thereby  Incurs  no  responsibility,  nor  any 
obligation  tdiatsoever;  and  the  fact  that  the  Goyem- 
ment  nay  have  formulated,  furnished,  or  In  any  vay 
supplied  the  said  dravln^,  specifications,  or  other 
data  Is  not  to  be  regarded  by  Implication  or  other- 
vise  as  In  any  manner  licensing  the  holder  or  any 
other  person  or  coxporstlcn,  or  conveying  any  rl^ts 
or  pezmlsslon  to  manufacture,  use  or  sell  any 
patented  Invention  that  may  In  any  vay  be  related 
thereto. 


Best 

Available 

Copy 


HOLTK  63-244 


xntxxffxdv  OP  i»LoszvB8  by  bxplodzmo  wzkbs 

ZI.  Bffact  Of  Circuit  Bosistaneo  on  tho  initiation  of 
PRM  by  Exploding  Niraa 


Proparod  byt 
Howard  8.  Leopold 


ABSTBACTt  Tho  of facta  of  circuit  rosiatanco  and  bridgowiro 
length  on  tho  Initiation  of  PITH  by  oiqploding  1  adl  dianotor 
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energy  input  to  the  wire  lowering  the  probability  of  producing 
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circuit  reaiatance  to  an  abaolute  minimum  ia  ahown. 
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IITOOOUCyiOW 


1.  Alia  la  tha  aaeond  raport  daaeribiag  axpariawntal 
raaulta  troM  aa  Invaatlgation  oa  tha  Intaraetioa  batwaan  aa 
axplodlag  brtdcwwlra  and  aaqgloalya  jNitiJCiala^ ,  aa4^^.  lactora 
tdileh  affact  tha  proeaaa.  fravloua  iavaatlgatloaU)  had  dhowa  that 
for  baat  affaetlag  datoaatloa  of  rant  by  aa  axplodiag  wira 
eireolt  laduotaaea  ahoald  ba  kapt  to  a  alnlaw  aad  tha  bridga- 
wlra  length  of  1  ail  diaaatar  platiaua  wlra  should  ba  chosaa  sO' 

aa  to  alladaata  a  dafiaita  eurraat  dwall  parlod.  It  was  also 
fouad  that  sacoadary  eurraat  pulsas  haaa  littla  affaet  oa 
«diathar  or  aot  datoaatloa  Is  producad.  This  raport  daserlbas 
tha  affaet  of  axtraaaous  elrcult  raslstaaoa  oa  tha  pgrohdblllty 
of  produelag  datoaatloa  la  Fim  by  axplodiag  platlaua  wlras  of 
various  laagths. 

2.  Xu  ordar  to  bast  affaet  datoaatloa  la  an  axploslva  by 
an  axplodiag  wlra  it  la  daslrabla  to  transfar  tha  hlghast 
posslbla  quaatlty  of  aaargy  to  a  voluaa  of  axploslva  In  tha 
Shortast  posslbla  tla».  It  Is  also  obvious  that  aaargy  will  ba 
wastad  la  aay  axtraaaous  circuit  raslstanea  outslda  of  tha 
brldgawlra.  This  Invastlgatlon  was  aada  to  datarsdna  tha  asK>unt 
of  axtaraal  circuit  raslstanea  that  could  ba  tolaratad  and  to 
study  tha  conditions  that  datarsdna  whathar  or  not  datonatlon 
davalops . 


lUCTklCAL  CIRCOITRY 

3.  A  typical  axplodiag  brldgawlra  circuit  ssiployad  la 
ordnanea  usas  a  ona  sderofarad  capacitor  charged  to  2000  volts. 
Tha  actual  tast  circuit  usad  for  this  invastlgatlon  has  siadlar 
paraaatars  and  Is  shown  in  Flgura  1.  Tha  transadsslon  llna  was 
kapt  as  short  as  posslbla  conslstant  with  tha  nacassi^  for 
tasting  la  an  aiqploslva  firing  chabbar.  This  was  dons  to  kaap 
circuit  Induetanca  aad  raslstanea  to  a  alnlnna. 

4.  Tha  circuit  differs  slightly  fros  tha  basic  circuit 
described  In  rafaranca  (1).  A  OL-7964  triggered  spark  gap  is 
usad  as  tha  switching  davica  In  place  of  a  cold  cathode  trigger 
tuba.  A  physically  larmr  capacitor  capable  of  being  charg^ 
to  SOOO  volts  was  also  incorporated.  Tha  larger  physical  slsa 
of  tha  capacitor  results  in  a  slight  undesirable  increase  In 
circuit  Inductance.  Tha  changes  also  resulted  in  a  lower 
circuit  resistance. 

Rafarancas  are  listed  on  page  10. 
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TI8T  PROCBDimi 

5.  Th«  affaet  of  oxtranoous  circuit  roslstanco  on  tho 
Initlatloii  of  pan  by  varlou*  lengths  of  exploding  pletinun  wire 
wee  determined «  An  initiel  eeriee  mf  tests  wee  run  ueing  e  test 
circuit  having  the  least  possible  quantity  of  extraneous  resist¬ 
ance.  extraneous  resistance  was  then  intentionally  added  to  the 
circuit  to  detenslne  the  effect  on  the  initiation  of  Pam. 

6.  The  experimental  aethods  saiployed  were  previously 
described  in  reference  (1).  Briefly.  PBTM  ia  loaded  in  a  teat 
fixture  which  permits  photographic  observation  of  the  growth  of 
eiqplosion  from  a  bridgewire.  Current  and  voltage  %fave  forms  are 
obtained  of  the  exploding  wire  for  eadh  teat  shot. Concurrently 
a  emear  camera  record  is  obtained  of  the  growth  ot  the  Pata 
explosion.  The  oscillograms  and  smear  caswra  records  are  read 
on  a  Telereader.  The  voltage  is  corrected  for  the  inductive 
component  and  the  instantaneous  resistance,  instantaneoue  power, 
and  cumulative  energy  values  are  then  calculated. 


BXPBBXNSnAL  RESULTS 

7.  The  first  test  series  was  run  with  the  basic  circuit 
(circuit  A)  sdiieh  had  the  following  circuit  parameters t 

C  ■  0.97  adcrofaxad 

L  a  0.58  microhenry* 

k  a  0.35  ohm 

a  2000  volts 

o 

A  circuit  can  be  underdamped,  critically  damped,  or  overdamped 

depending  upon  «diether  R  <  2^  .  R  a  2^  .  or  R  >  2^  .  A 

critically  damped  circuit  under  our  experimental  conditions 
would  have  a  resistance  of  1.55  ohms.  The  basic  circuit  has  a 
resistance  of  0.35  ohm  before  insertion  of  the  platinum  bridge- 
wire  and  is  therefore  underdamped.  The  circuit  is  initially 
underda^ped  for  platlmas  wires  0.025.  0.050.  0.100.  and  0.200 
inch  long  but  becomes  overdai^ed  with  a  0.400  inch  long  wire. 
Results  of  the  first  test  series  are  shown  in  Table  I. 


*See  Appendix  A. 
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Tabla  X.  Initiation  of  PBTH  with  Basic  Circuit  (Circuit  A) 


Shot 

Mo. 

Wire  Ra- 

siatanea 

(ohns) 

4otal 

Circuit 

Rasistanca 

(ohns) 

Wira  Langth 
(inoh) 

Raaults 

26 

2.30 

2.65 

0.400 

PBXH  initiatad,  did  not 
grow  to  datonation 

27 

1.13 

1.48 

0.200 

•t  M  H 

28 

0.64 

0.99 

0.100 

N  M  M 

29 

0.37 

0.72 

0.050 

Detonation 

30 

0.28 

0.63 

0.025 

ti 

Iha  rant  «ms  datonatod  with  tha  0.025  and  0*050  indh  long  wiras. 
Tha  thraa  longar  wiraa  all  gava  dafinita  currant  dwalla.  Tha 
duration  of  tha  currant  dwall  Incraasad  aa  tha  langth  of  tha 
wira  incraaaad.  Bach  of  tha  thraa  longar  wiraa  wahkly  initiatad 
tha  pm  at  tha  tiaa  of  wira  burst  and  accalaratad  tha  burning 
whan  tha  raatrika  oecurrad.  Bowavar*  datonation  did  not  ansua. 
8aa  Pigura  2.  Tha  powar.  anargy*  and  rasistanca  waluas  «fara 
coaputad  as  a  function  of  tiaM  for  tha  first  currant  pulsa  into 
tha  0.400  inch  langth  wira.  Saa  Pigura  3.  Calculations  basad 
on  tha  thanMl  propartias  of  platinua  show  that  approadJMtaly 
85  aillijoulas  of  anarw  ara  raquirad  to  bring  tha  0.400  inch 
wira  langth  to  tha  boiling  point;  362  nillljoulas  ara  raquirad 
for  ccaplata  vaporisation.  It  can  raadily  bw  saan  froai 
Pigura  3  that  inaufficiant  anargy  is  dapositad  in  tha  wira  to 
causa  coaplats  vaporisation  bafOra  tha  currant  dwall  occurs. 

Tha  rasistanca  of  tha  wira  incraasas  to  25  oiuas  in  0.2  sdcro- 
sacond.  It  ranains  at  this  laval  for  0.6  adcrosacond  giving  a 
currant  plataau  character i Stic  of  waak  platimaa  wira  axplosions. 
Tha  rasistanca  than  incraasas  rapidly  to  ovar  300  dtmm  choking 
off  tha  currant,  at  which  tiaM  tha  currant  dwall  caasMneas. 

Tha  failura  to  aftect  datonation  under  tha  circuit  emditions 
aatplopad  can  be  attributed  to 

1)  tha  waak  initial  explosion  of  tha  wira 
because  of  insufficient  anargy  deposition 

2)  tha  lladtatlon  and  cassation  of  currant  flow 
bacausa  of  tha  rapid  rasistanca  incraasa  «hidh 
in  affect  slows  and  than  stops  tha  input  of 
elactrical  anargy. 
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8.  A  ••eond  tsst  mmximm  was  conductsd  with  0.70  Ohas 
sxtrsMoaa  rsaistsaos.  Carbon  raslstora*  plaead  batwaan  tha 
oapaoitor  and  tha  20  ia^  long  coaxial  trananission  eabla«  wara 
usad  to  iaoraasa  tha  raaiatanca.  Thia  circuit  (Circuit  B)  is 
undardai^psd  initially  with  tha  0.02S.  0.050  and  0.100  indi  long 
wiraa.  and  is  ovardaiv*^  with  tha  0.200  and  0.400  indh  long  wiras. 
Vast  rasulta  ara  dhown  in  Tabla  2. 


Tabla  2.  Initiation  of  PBm  with  0.70  ohn 
Bxtranaous  Raaiatanca  in  Circuit  (Circuit  B) 


Shot 

Ho. 

wire  Rs- 

si stance 

(ohms) 

Total 

Circuit 

Resistance 

(ohns) 

Mlk's  Length 
(inch) 

Result 

31 

2.36 

3.06 

0.400 

PBTH  initiated,  did 
not  grow  to  detonation 

32 

1.15 

1.85 

0.200 

M  II  H 

N 

33 

0.66 

1.36 

0.100 

M  MM 

M 

34 

0.42 

1.12 

0.050 

n  MM 

n 

35 

0.42 

1.12 

0.050 

M  N  M 

N 

36 

0.25 

0.95 

0.025 

Detonation 

37 

0.29 

0.99 

0.025 

M  M 

Dafinita  dwells  again  ocourrad  with  tha  0.400*  0.200*  and  0.100 
inch  wira  langths.  tha  0.050  inda  long  wira  initiate  a 
▼igoroua  burning*  but  no  datonation  davalopad.  Figura  4 
illustrataa  tha  emritf  that  was  burnad  into  tha  FRM  by  tha 
0.050  inch  long  wira.  Datonation  davalopad  only  with  tha  0.025 
inch  length  wira.  8aa  Figure  5.  An  axaadnation  of  tha  currant, 
voltage*  power*  energy*  and  resistance  curves  for  tha  0.025  indh 
long  wira  (Bhot  Bo.  37)  dhows  a  burst  tisM  of  0.26  nierosacond 
with  peak  rasistanea  and  power  occurring  ala»st  sianaltanaously. 
Sea  Figura  6.  tha  resistance  of  tha  wire  increases  rapidly* 
ovardanping  tha  circuit  in  lass  than  0.2  sdorosacond.  At  tha 
tins  of  burst  tha  resistance  is  roufsdtly  twenty  tinss  the 
original  rasistanea.  Arc  fonsition  conawncas  alnost  ianadiataly 
after  tha  wira  burst  with  tha  resistance  dropping  to  0.25  dm. 
this  pamits  tha  currant  to  execute  an  undaaiped  half  sine  wave 
oscillation  before  cassation  of  tha  currant  flow*  probably  due 
to  break-up  of  tha  test  fixture.  Tha  datonation  wave  in  tha 
Pini  neats  tha  containing  steal  ring  2.5  nicrosaeonds  after  the 
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win  burst «  at  «Ailoh  tlM  ths  rssistsncs  rapidly  Incraasss. 
Basrgy  dsposltlon  Is  sxtrsasly  slow  for  ths  first  0.2  aicro- 
ssoond.  rapid  during  ths  voltags  spiks,  followsd  by  a  stsady 
rats  until  ths  tsst  fixturs  is  blown  apart.  At  ths  tins 
dstonation  eaanwness  in  ths  Pm,  (rou^ly  1.0  nicrossoond  aftsr 
ths  tins  nC  burst)  390  adlli^oulss  or  IBX  of  ths  snsrgy  storsd 
in  ths  capacitor  has  bssn  deposited  in  ths  wire. 

9.  A  third  tsst  series  was  conducted  with  ths  extraneous 
circuit  resistance  increased  to  9.45^  chaw.  Yhis  circuit 
(Circuit  C)  is  ovsrdaepsd  without  ths  bridgswirss.  Results  of 
^s  third  tsst  series  are  shown  in  Table  3. 


Table  3.  Initiation  of  PBTN  with  2.45  ohms 
Extraneous  Resistance  in  Circuit  (Circuit  C) 


•  o 

ft 

Wire  Re- 
si stance 
(ohms) 

Total 

Circuit 

Resistance 

(ohms) 

Wire  Length 
( inch) 

Result 

38 

2.33 

4.78 

0.400 

PETM 

Initiated,  did 

not 

grow  to  detonatio) 

39 

1.15 

3.60 

0.200 

m 

n  m  » 

40 

0.67 

3.12 

0.100 

H 

n  II  II 

41 

0.34 

2.79 

0.050 

M 

M  II  II 

42 

0.29 

2.74 

0.025 

II 

M  H  II 

Definite  dwells  were  again  observed  with  the  0.400,  0.200,  and 
0.100  inch  wires.  The  0.050  and  0.025  inch  long  wires  both 
initiated  vigorous  burning.  Mo  detonations  occurred  with  any 
of  the  wires.  An  exaui nation  was  aade  of  the  current,  voltage, 
power,  energy  and  resistance  curves  of  the  0.025  inch  length 
(Shot  Mo.  42)  tc  compare  with  the  same  sise  wire  in  Circuit  B. 

See  Figure  7.  The  burst  time  of  the  wire  is  0,26  microsecond, 
the  same  as  in  Circuit  B.  The  resistance  of  the  wire  increases 
rapidly  to  roughly  about  thirty-seven  times  the  original 
resistance.  Almost  double  that  in  Circuit  B.  The  interval 
between  the  wire  burst  and  arc  formation  is  longer  than  for 
Circuit  B.  There  is  a  marked  reduction  in  peak  power  with 
560,000  watts  observed  compared  to  1,300,000  watts  with  Circuit 
B.  Bnerw  deposition  is  at  a  slower  rate  than  in  Circuit  B  with 
180  millljoules  deposited  1.0  microsecond  after  the  burst  time. 
The  electrical  processes  are  uninterrupted  since  detonation  does 
not  occur.  Once  the  current  reaches  its  maximum  value,  it  decays 
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•xponcntially  with  a  tins  constant  equal  to  the  RC  value  of  the 
circuit. 


DISCUSSION 

10.  The  circuit  before  insertion  of  the  wire  can  be  under- 
daa^ed.  critically  damped,  or  ovordaeiped.  A  highly  underdai^ed 
circuit  will  have  a  theoretical  current  uiaxiaua  of 

^■ax  •  JT  2.590  aaiperee. 

The  current  waveforms  for  each  of  the  three  test  circuits  with 
a  shorting  bar  in  place  of  the  wire  are  shown  in  Figure  8.  Bach 
increaee  in  extraneous  circuit  resistance  lo%rers  the  possible 
i_x  circuit.  Di  Persio(2)  has  previously  shown  that 

there  is  a  critical  value  of  i^x  <l*P*ndlng  upon  the  experisMntal 
conditions  below  which  detonations  will  not  occur.  An  analysis 
of  ths  tost  shots  reveals  j^e  sams  type  of  ordering  with  i  w  428 
amperes  (8.5  x  10~  amps/cm^)  as  the  critical  current  with  the 
experisiental  paraawters  employed.  See  Table  4.  If  the  circuit 
is  grsatly  overdamped  and  the  current  limited  to  less  than  428 
amperas  then  there  will  be  no  possibility  of  effecting  detonation. 
The  1  ordering  gives  a  good  correlation  with  the  probability 
of  deCftXation  for  a  specific  wire  size  and  set  of  circuit 
parameters.  However,  the  value  of  i|^x  •hows  no  depsndency  on 
time.  While  the  critical  value  of  900<1  a  specific 

set  of  conditions,  it  cannot  be  assuMO  to  apply  if  the  time  of 
occurrence  of  ia^v  was  displaced  so  as  to  occur  earlier  or  later. 

A  critical  power  input  i^ould  be  one  of  the  more  important 
considerations . 

11.  The  circuit  even  if  initially  underdamped,  rapidly 
becomes  overdamped  with  the  1  mil  diameter  platinum  wires  as 
can  bs  seen  from  the  resistance  curves  in  Figures  6  and  7.  This 
indicates  that  a  wire  material  with  a  low  resistance  and  co¬ 
efficient  of  resistivity  adght  be  used  to  increase  the  current 
density  in  the  wire.  However,  the  energy  going  into  joule  heating 
of  the  wire  at  any  instant  will  depend  upon  the  ratio  of  the  wire 
resistance  to  that  of  the  entire  circuit.  This  Indicates  that 
extraneous  circuit  resistance  should  be  kept  to  an  absolute 
minimum  in  order  to  keep  the  wire  resistance/circuit  resistance 
ratio  high. 

12.  The  addition  of  es^raneous  resistance  to  the  circuit 
is  eiqpected  to  increase  the  burst  time  and  reduce  the  current 
at  the  time  of  explosion  (burst  current)  in  the  wire.  As  can 
be  seen  from  Table  4.  a  lowering  of  the  burst  current  is 
observed  as  the  extraneous  resistance  is  increased.  However. 
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th«  burst  tiJM  for  s  apocific  longth  wiro  stays  a isos t  constant 
for  aach  of  tbs  throo  tost  circuit s.  It  was  thou^t  that  tho 
constant  burst  tia«s  night  bs  attributed  to  the  surrounding 
o]9losiM«  but  wires  net  in  contact  with  sxplosivs  oxhibitod  tha 
Sana  burst  tins  constancy  in  tha  thraa  tast  circuits. 

13.  Sona  of  tha  diffarancas  noted  in  tha  0.025  inch  length 
wire  bati^n  circuit  B  a^  circuit  C  can  be  attributed  to  tha 
so-caliad  "anoa>aloua.a]f fact",  nits  affect  wan  first  reported 
by  Xvarts^awa  at  alt 3)  and  later  invaatigatad  by  Tucker  and 
Malison.  t4)  They  found  that  tha  burst  tins  of  tha  wire  does  not 
depend  upon  tha  energy  delivered  to  tha  wire  alone,  but  also  on 
tha  value  and  duration  of  tha  currant.  Tha  higher  tha  currant 
danalty  at  tha  tijsa  of  tha  wire  explosion,  tho  greater  tha 
anouat  of  energy  deposited  in  tha  wire.  At  tha  tine  of  burst. 

33.8  nilli joules  have  been  deposited  in  tha  wire  in  circuit  B 
and  19.2  nillijoulas  in  the  wire  in  circuit  C.  Also,  tha 
resistance  of  the  wire  is  not  a  unique  function  of  tha  energy 
dapoaitad  in  tha  wire,  but  dapenda  upon  tha  rata  of  energy 
deposition.  Slower  energy  deposition  results  in  a  higher 
raslstanoa.  Sea  Pimirea  6  and  7.  Baithal  and  BlackburnO)  have 
proposed  that  inertial  confinaaent  of  tha  wire  suiy  account  for 
tha  resistance  anonaly.  They  believe  that  whan  tha  currant 
density  is  ineraaaad.  tha  expansion  of  tha  wire  is  hindered  in  ouch 
a  way  that  tha  electrical  resistivity  of  tha  wire  approxlsuiteo 
that  of  a  liquid  long  after  sufficient  energy  for  vaporisation 

has  bean  dapoaitad  in  tha  wire. 

14.  According  to  BLC  circuit  theory,  if  tha  capacitance 
and  inductance  are  held  constant,  tha  value  of  rosistanca  that 
will  aost  rapidly  dissipate  tha  energy  stored  on  tha  capacitor 

is  R  ■  2^  (critically  daaipad  circuit) .  Tha  resistance  of  tha 

wiro  increases  rapidly  up  to  tha  tlste  of  wire  burst  and  tha 

circuit  resistance  can  equal  2^  for  only  a  brief  instant 

during  tha  currant  riaa.  After  tha  wire  burst,  tha  sue  of  tha 
arc  resistance  and  tha  extraneous  circuit  resistance  saiy  again 

equal  for  a  longer  period.  Tha  R  ■  2^  relationship  does 

not  appear  to  be  of  each  use  udien  applied  to  ei^lodlng  bridge- 
wire  circuits.  The  experimental  results  indicate  that  the 
initial  energy  deposited  in  the  wire  before  burst  is  snidh  ssmts 
important  than  decreasing  the  discharge  time  of  the  capacitor. 
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COMCLUSZOIW 

A.  1h«  r«cttl<ea  show  tha  iaij^rtanoA  of  kaoping  axtranaova  oireuit 
roaiataaca  to  aa  akaolata  aiaiaw, 

B.  laok  laeraaaa  ia  axtraaaoua  elroalt  raa^ataaoa  will  lowar 
tha  in  tha  wira  bafora  borat.  lAicb  la  tarn  raavlta  ia 
m  lfl>iil*aBargy  dapaaifeian  lata  fcba  wiy. 

C.  Iba  probability  of  af footing  datonatloa  ia  diraetly  ralatad 
to  tlM  currant  danaity  ia  tba  wira  for  apaelfie  circuit 
paraaMtara. 

O.  During  tha  capacitor  diacharga  tha  raaiatanca  of  rolatiualy 
long  wiraa  ineraaaaa  vary  rapidly  liadtlng  tha  currant 
danaity  in  tha  wira. 
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FIG.  I  FIRING  CIRCUIT 
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FIG  6  CURRENT.VOLTAOE.POWER.ENERGY  AND  RESISTANCE 
CURVES  FOR  TEST  SHOT  NO.  37 
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fflMn  th*  eirouit  ioduetane*  %raa  datatalMd  by  Mamring 
tha  initial  currant  alopa  froai  an  oaoillograa  takan  with  a  daad 
abort  raplaeing  tha  brldgawira  by  naana  of 


whara  L  ■  circuit  Inductanca.  V  ■  initial  capacitcr  voltage* 
and  di/dt  ■  Initial  currant  alopa  a  value  of  0.85  adcrchanry  waa 
obtainad.  Thia  aathod  %raa  aaiployad  bacauaa  tha  original  circuit 
contained  a  thyratron  aa  tha  awitching  alaaant  lAiOh  givaa  only 
a  half  aina  %mva  pulaa  and  than  ahuta  off  pravanting  tha  uaa  of 
an  oacillation  fraquaney  aMthod. 

Nhan  tha  circuit  inductance  waa  dataninad  by  tha  aiapla 
oacillation  fraquaney  ralatlonahip  for  an  undardai^ad  circuit 

.2 

U  -  -V .  (2) 

4  C 


whara  T  ■  period  of  oacillation*  and  C  ■  capacitance,  a  value  of 
of  0.61  adcrchanry  van  obtained*  rou^tly  lowur  than  tha  value 
obtainad  by  tha  alopa  awthod. 

Xf  tha  circuit  paraiMtara  are  datanainad  by  uaa  of  tha 
following  ralationahipa 


6 


log  a 


(3) 


L  ■ 


C(4 


(4) 


R 


2L> 

T 


(5) 


19 


KOLTR  63-244 


6  ■  iogarithade  d«or«Mnt  of  tho  eurront.  X,  ■  first 
eurront  ■sxIiiub.  I,  ■  soooad  eurront  MxlanBt  snd^R  ■  offoetivs 
olrouit  rsaiataaeof 

amluoa^  gf  ■larahanry  for  tho  oircuit  iaittotaneo  ond  ^.33 

6km  for  tha  oircuit  rasistanoa  ara  obtainad.  Tha  raaiatarsa 
valoa  agraaa  axaotly  with  tha  valua  dariwad.  prawiously  froai  a 
siaglo  half  aiaa  wava  aaaattraaaat  iad^ating  that  tha  rasiataaca 
figura  ia  raasoa^ly  valid,  laaaatt**?,  in  a  atady  ^  traaaiaat — 
eRSBaxtXdai  at  awitch^a  has  shown  that  a  coaxial  currant  Ohunt 
will  uadaraatiaata  tha  original  ourraat  alepa  by  lOK  or  aora. 

This  aaana  tha  obaarvad  ^  will  ba  lasa  than  pradiotad  by 

ltX<C  circuit  theory  and  hanea  will  giwa  an  owarastiaata  of  L  whan 
uaad  in  relation  (1).  For  this  reason  it  ia  baliawad  that  tha 
lowsr  figure  obtained  by  tha  oscillation  frequency  aathod 
rapraaants  a  truer  value  of  tha  circuit  inductance. 
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